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© One component epoxy resin compositions containing modified epoxy-amine adducts as curing 
agents. 

© A one component epoxy resin composition comprising, in addition to the epoxy resin, (1) an epoxy adduct 
obtainable by reacting an epoxy compound having one, two or more epoxy groups per molecule with a nitrogen- 
containing heterocyclic compound, an aliphatic amine or an aromatic amine, and (2) a boron compound of 
formula (I) 

B(ORi)(OR2(OR 3 ) (I) 

wherein Ri to R3 are the same or different and each is hydrogen, straight-chained, branched or cyclic alky I 
or aryl, which composition optionally further comprises (3) a phenolic compound and/or (4) other epoxy curing 
agents. 

^ The composition is storage stable and cures quickly upon heating. 
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Background of the Invention 
(Field of the Invention) 

5 The present invention relates to a one-liquid type epoxy resin composition which can be stored for 
extended periods of time at ordinary temperature and cures quickly upon heating. 

(Prior Art) 

w Epoxy resins of the two-liquid type have heretofore been used being comprised of an epoxy resin and a 
curing agent. The epoxy resin composition of the two-liquid type, however, require such operations as 
weighing, stirring and mixing at a time when they are used on the site. These operations involve such 
problems as a decreased operation efficiency, erroneous weighing, or disposal of excess amounts of the 
epoxy resin composition. At present, therefore, study has been extensively conducted in an effort to 

75 developing one-liquid type epoxy resin compositions that permit highly efficient workability on the site and 
can be stored for extended periods of time to substitute for the two-liquid type ones. 

Development of a latent epoxy curing agent is a prerequisite for preparing the one-liquid type epoxy 
resin compositions. Known examples of the latent epoxy curing agent include dicyandiamide, carboxylic 
acid hydrazide, guanamine compounds, imidazole compounds. However, these latent curing agents cure 

20 the composition by heating at relatively high temperatures for extended periods of time. It has therefore 
been urged to provide a curing agent that activates at a low temperature and exhibits an excellent latent 
property. 

As latent curing agents for curing epoxy resins at relatively low temperatures, there have been known 
an adduct of an alkylamine and an epoxy resin, and an adduct of an imidazole compound and an epoxy 

25 resin (U.S. Patent No. 4,066,625). These adducts only, however, are not enough for obtaining latency to a 
satisfactory degree. Therefore, additional modification have been reported in which the surfaces thereof are 
coated with various compounds. For instance, there have been reported a method of encapsulation with an 
isocyanate compound (Japanese Laid-Open Patent Publication No. 268723/1986) and a method of surface 
treatment using an acidic substance (Japanese Patent Publication No. 18326/1990, Japanese Laid-Open 

30 Patent Publication No. 223027/1988). 

However, the object has not yet been achieved to a sufficient degree by the above-mentioned attempts 
of reliably obtaining the latency by the surface treatment. For instance, the capsule film of the isocyanate 
compound is easily destroyed by the mechanical impact but is not sufficiently regenerated. Besides, the 
treatment with an acidic compound such as an organic acid, an inorganic acid, a resin acid or an aluminum 

35 compound does not help obtain stabilized latency. 

Summary of the Invention 

The object of the present invention therefore is to develop an epoxy resin-curing agent which is free 
40 from the problems inherent in the prior art by using an epoxy resin adduct (hereinafter referred to as epoxy 
adduct) that is obtained by adding alkylamines, aromatic amines or nitrogen-containing heterocyclic 
compounds that are effective as low-temperature curing agents to an epoxy resin, and to develop a one- 
liquid type epoxy composition that can be stored for extended periods of time by utilizing the above curing 
agent. 

45 Any one of a nitrogen-containing heterocyclic compound, an aliphatic amine or an aromatic amine is 
reacted with an epoxy compound having one or two or more epoxy groups in one molecule to obtain a 
product which is then pulverized thereby to afford an epoxy adduct in a powdery form. Surfaces of the 
powdery epoxy adduct are then coated with a boric acid compound represented by the following general 
formula to give a latent curing agent. 

50 

B(OR 1 )(OR 2 )(OR 3 ) 

wherein Ri to Ra are hydrogen atoms, alkyi groups or aryl groups- 
There is further proposed an epoxy resin composition using the above curing agent. 

55 
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Detailed Description of the Invention 

The boric acid compound used in the present invention not only represents boric acid and boric acid 
ester but also includes the case where boric acid reacts with an alcohol to form a boric acid ester as well as 
5 the case where the boric acid ester is, on the other hand, changed into boric acid through hydrolysis. The 
boric acid compound used in the present invention further includes the case where there exists a so-called 
partial ester of boric acid. It has in practice been confirmed that when the surfaces of the adduct powder 
are coated with trimethyl borate, boric acid adheres on the surfaces of the epoxy adduct as confirmed by 
infrared absorption analysis. 

w When the surfaces of the very finely granular epoxy adduct are treated with a boric acid ester 
compound only, the boric acid ester is required in an increased amount, the epoxy-curing property is 
almost lost. Desides, the surface-treated adduct in an epoxy resin composition aggregates conspicuously 
upon the curing, causing the resin to be poorly cured. In the acid anhydride-curing system, furthermore, the 
storage stability is not still satisfactory by a single treatment of boric acid compounds. 

15 In order to solve such problems, the present inventors have attempted to make an epoxy adduct, a 
boric acid compound, and a phenolic resin present in the epoxy resin composition, and have discovered the 
fact that the surfaces of the epoxy adduct are coated with the boric acid compound and the phenolic 
compound, and that the epoxy resin composition can be stably preserved. The inventors have further 
discovered the fact that even when the epoxy adduct is used as a curing agent or as a cure promoting 

20 agent for the acid anhydride-type curing agents, the epoxy resin composition can be stably stored yet 
exhibiting excellent curing property. 

In order to impart latency, furthermore, the boric acid compound and the phenolic compound can be 
added curing the preparation of the epoxy adduct so that they serve as homogeneous components of the 
epoxy adduct, in spite of coating the surfaces of the epoxy adduct with the boric acid compound and the 

26 phenolic compound. However, the reaction product obtained by such a method exhibits epoxy-curing 
property which is very smaller than that of the surface-coated epoxy adduct. 

The powdery epoxy adduct that is used for putting the present invention into practice has an average 
grain size of from about 0.1 to about 100 urn, and is obtained by pulverizing a product that is obtained by 
addition-reacting an epoxy compound with alkylamines, aromatic amines or nitrogen-containing heterocyclic 

30 compounds according to a conventional method. 

The boric acid compound used in Examples of the present invention is represented by the following 
general formula, 

B(ORi)(OR 2 )(OR 3 ) 

35 

wherein Ri to R3 are hydrogen atoms, alkyl groups or aryl groups. 

Representative examples thereof include boric acid, trimethyl borate, triethyl borate, tripropyl borate, 
tributyl borate, trioctyl borate, triphenyl borate and tricresyl borate, as well as esters formed by the partial 
alcohol-exchange reaction. 

40 Representative examples of the nitrogen-containing heterocyclic compound used in Examples of the 
present invention include imidazole compounds such as imidazole, 2-ethyl-4-methylimidazole, 2- 
methylimidazole, 2-phenylimidazole, 2-undecylimidazole, 2-heptadecylimidazole, 2-phenyl-4-methyl-5- 
hydroxymethylimidazole and 2-phenyI-4,5-dihydroxymethylimidazole, as well as mercaptobenzothiazoles, 
melamine derivatives and the like. It is further allowable to use nitrogen-containing heterocyclic compounds 

45 having a 2-hydroxyethyl group on the nitrogen atom such as 1-(2-hydroxyethyl)-2-methylimidazole, 1-(2- 
hydroxyethyl)-2-phenylimidazole and diethanolamine, since they exhibit actions similar to those of the 
adduct. 

Moreover, representative examples of the aliphatic amine compound and aromatic amine compound 
used in Examples of the present invention include a diethylenetriamine, a triethylenetetramine, a 
50 tetraethylenepentamine, an iminobispropylamine, a bis(hexamethylene)triamine, a diaminodiphenylmethane, 
a metaphenylenediamine and a 3,9-bis(3-aminopropyl)-2,4,8,10-tetroxaspiro[5,5] undecane. 

Representative examples of the phenolic compound used for the epoxy resin composition of the 
present invention include compounds such as catechol, a 4-t-butyl catechol, pyrogallol, resorcin, 
hydroquinone, phloroglucinol, bisphenol A, bisphenol F, dihydroxybiph nyl, dihydroxynaphthalene, a 1,1,1- 
55 tris(4-hydroxyphenyl) ethan and a bis(4-hydroxyphenyl) sulfone, a novolac-type or a r sol-typ ph nol 
resin, and phenol-type polymers such as a polyvinyl phenol). 

Examples of the poxy resin used for preparing the epoxy adduct or is blended to th poxy r sin 
composition of the present invention include a bisphenol A-type epoxy resin, a bisphenol F-type resin, a 
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cyclic aliphatic epoxy resin, a glycidyl ester-type epoxy resin, a glycidylamine-type epoxy resin, a 
hydantoin-type poxy resin, a triglycidylisocyanurate, a phenylglycidylether and a butylglycidylether which 
may be used in one kind or in a combination of two or more kinds. 

In putting the present invention into practice, described below are methods of preparing an epoxy resin 

5 composition using an epoxy adduct, a boric acid compound and a phenolic compound as essential 
components. The methods include (A) a method in which the epoxy adduct, the boric acid compound and 
the phenolic compound are separately added to the epoxy resin, and are kneaded using a planetary mixer 
or a roll mill, (B) a method in which a mixture product of the boric acid compound and the phenolic 
compound is prepared in advance, and the thus prepared product and the epoxy adduct are kneaded 

10 together with the epoxy resin, (C) a method in which the surfaces of the epoxy adduct are treated with the 
boric acid compound only, which is then kneaded together with the phenolic compound and the epoxy 
resin, and (D) a method in which the boric acid compound and the phenolic compound are reacted with 
each other, and the obtained reaction product is applied onto the epoxy adduct using a spray drier or the 
like, which is then kneaded together with the epoxy resin. The surfaces of the epoxy adduct can be coated 

is by using any method of preparing the epoxy resin composition. 

When the epoxy resin composition is prepared without adding the phenolic compound, there may be 
employed (E) a method in which the epoxy adduct and the boric acid compound are separately added to 
the epoxy resin, and are kneaded by using a planetary mixer or a roll mill, or (F) a method in which the 
surfaces of the epoxy adduct are treated with the boric acid compound only, and is then kneaded together 

20 with the epoxy resin. 

In preparing the epoxy resin composition of the present invention, the boric acid or the boric acid ester 
compound should be blended in an amount of 0.01 to 200 parts by weight and, preferably, in an amount of 
0.5 to 40 parts by weight per 100 parts by weight of the epoxy adduct. When the amount of addition is 
smaller than 0.01 parts by weight, the latency cannot be maintained to a sufficient degree and when the 
25 amount of addition is greater than 200 parts by weight, on the other hand, the curing property becomes 
poor. 

The surface-treated epoxy adduct should be blended in an amount of 0.5 to 50 parts by weight and, 
preferably, in an amount of 1 to 25 parts by weight per 100 parts by weight of the epoxy resin. In this case, 
suitable curing rate and latent curing property are maintained. 
30 The phenolic compound is blended in an amount of 0.001 to 50 parts by weight and, preferably, in an 
amount of 0.05 to 10 parts by weight per 100 parts by weight of the epoxy resin. The optimum amount of 
addition varies depending upon the amount of boric acid or boric acid ester compound that is used at the 
same time. It is desired that the equivalent ratio of phenolic hydroxyl group to boric acid or boric acid ester 
is 1:0.2 to 1:5. 

35 According to the present invention, furthermore, an epoxy resin composition that can be stably 
preserved is obtained even in a curing system in which other epoxy curing agents such as acid anhydrides 
are added to the above-mentioned epoxy resin composition. Representative examples of the curing agent 
used here includes acid anhydrides such as maleic anhydride, phthalic anhydride, trimellitic anhydride, 
pyromellitic anhydride, succinic anhydride, methylnadic anhydride and chlorendic anhydride, as well as 

40 dicyandiamide, acid hydraades, diaminomaleonitrile, diallylmelamine and amineimides. 

In preparing the epoxy resin composition, it is allowable to use, as required, an antioxidizing agent, 
granular and fibrous fillers of various hinds, and additives such as a plasticizer, a reactive diluent, a coloring 
agent, a viscosity-adjusting agent and like agents, in addition to the curing agent or the cure accelerating 
agent. 

45 Contents of the present invention will now be concretely described by way of Examples. It needs not be 
pointed out that in the present invention, the epoxy resins, amine compounds, nitrogen-containing 
heterocyclic compounds, phenolic compounds and silica used as starting materials are in no way limited to 
those described in Examples and Comparative Examples only. 

In Examples of the present invention, furthermore, the epoxy adducts are prepared in compliance with a 
so widely known method, and the components constituting the epoxy adducts that are used are described in 
parenthesis. 
(1) Epoxy resin 

Trade name: Epikote No. 828, produced by Yuka Shell Co. 
Trade name: Epikote No. 152, produced by Yuka Shell Co. 
55 Trad name: DER-438, produced by Dow Chemical Japan Co. 

Trad name: DER-331J, produced by Dow Chemical Japan Co. 
Trade name: ERL-4221, produced by Union Carbide Japan Co. 
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(2) Nitrogen-containing heterocyclic compound 

Trade name: Cure20l 2E4MZ, produced by Shikoku Kasei Kogyo Co. (2-ethyl-4-methylimidazole) 
Trade name: Curezol 2PZ, produced by Shikoku Kasei Kogyo Co. (2-phenylimidazole) 
Trade name: Curezol C17Z, produced by Shikoku Kasei Kogyo Co. (2-heptadecylimidazole) 
5 Trade name: Curezol C11Z, produced by Shikoku Kasei Kogyo Co. (2-undecylimidazole) 

(3) Phenolic compound 

Trade name: Resitop PSM-4261 , produced by Gun-ei Kagaku Kogyo Co. 
Trade name: Resin X, produced by Mitsubishi Yuka Co. 
Trade name: Resin M, produced by Maruzen Sekiyu Kagaku Co. 
10 (4) Silica 

Trade name: Aerosil No. 380PE, produced by Japan Aerosil Co. 
The surfaces were treated in compliance with the above-mentioned methods (A) to (D). The storage 
stability of the epoxy resin composition was evaluated in terms of a gelation time at 40 * C and the curing 
property of the epoxy resin was evaluated in terms of a relation time at 150*C. The gelation time was found 
is by a stroke-cure method on a heated steel plate maintained at a temperature of 40 • C or 150 • C. 



(Example 1) 

About 280 g of Curezol 2MZ was dissolved in 5 liters of methyl ethyl ketone with heating followed by 
20 the addition of a solution obtained by diluting about 690 g of epoxy resin DER-331J in 500 ml of methyl 
ethyl ketone. The mixture was refluxed and reacted for two hours. Then, the solvent was removed and the 
reaction product was finely pulverized to prepare about 950 g of an epoxy adduct. 

On the other hand, 2.5 g of Resitop which is a phenolic compound used as a surface-treating agent was 
dissolved in 25 g of an epoxy resin. 475 Grams of the epoxy resin, 100 g of the above epoxy adduct, 4.5 g 
25 of tributyl borate, and 27.5 g of the above-mentioned epoxy resin in which has been dissolved the Resitop 
were weighed into a stainless steel pot and were mixed. The mixture was then kneaded at room 
temperature for about 15 minutes using a three-roll mill to prepare an epoxy resin composition for 
evaluation. 

The gelation times of the obtained epoxy resin composition were measured to be 30 days or longer at 
30 40 0 C and 23 seconds at 1 50 • C. 



(Examples 2 to 7) 



By using the epoxy adducts shown in Table 1 obtained by the same method as that of Example 1 and 
35 by using the surface-treating agents shown in Table 1 , the epoxy resins, epoxy adducts and surface-treating 
agents were treated at blending ratios shown in Table 1 in the same manner as in Example 1 to prepare 
epoxy resin compositions. The gelation times of the epoxy resin compositions were measured to be as 
shown in Table 1 . 



40 



45 



55 
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Table 1 





Example 


1 


2 


3 


4 


5 


6 


7 


5 


Epoxy resin (Epikote =828) 


100 


100 


100 


100 


100 


100 


100 




Epoxy adduct 
















10 


(Epikote =828/2MZ) 

(Epikote = 828/2MZ/bisphenol A) 

(Epikote =828/2PZ) 

(Epikote =828/2E4MZ) 

(Epikote =828/C11Z) 

(DER-438/2E4MZ) 

(ERL-4221/2E4MZ) 


20 


20 


20 


20 


20 


20 


20 


15 


Surface-treating agent 
















20 


Trimethyl borate 
Tributyl borate 
Triphenyl borate 
Resitop 

Surface-treating method 


0.50 
0.90 

0.50 
A 


0.50 

0.50 
A 


0.50 
A 


0.90 

0.50 
A 


0.50 

1.10 
0.50 
A 


0.50 

0.50 
A 


0.50 
A 




Gelation time 
















25 


(sec/1 50 °C) 
(days/40 -C) 


23 
>30 


72 
>30 


62 
>30 


25 
>30 


95 
25 


23 
>30 


23 
>30 



(Examples 8 and 9) 

30 

By using the epoxy adduct shown in Table 2 obtained by the same method as that of Example 1 and 
by using the surface-treating agents shown in Table 2, the epoxy resin, epoxy adduct and surface-treating 
agents were treated at blending ratios shown in Table 2 in the same manner as in Example 1 to prepare 
epoxy resin compositions. The gelation times of the epoxy resin compositions were measured to be as 
shown in Table 2. 

35 

(Example 10) 

2.5 Grams of pyrogallol which is a phenolic compound serving as the surface-treating agent and 2.5 g 
of a trimethyl borate were dissolved in 40 ml of acetone with heating. Then, acetone was moderately 
removed by evaporation to obtain a mixture surface-treating agent. Next, 460 g of the epoxy resin, 100 g of 
the epoxy adduct (curing agent) and 5 g of the above mixture surface-treating agent were weighed into a 
stainless steel pot and were mixed in advance. The mixture was then mixed at room temperature for about 
15 minutes using a three-roll mixer to prepare a sample for evaluation. 

The gelation time of the obtained epoxy resin composition was measured to be 30 days or longer at 
45 40 * C and 24 seconds at 1 50 • C. 

(Examples 11 to 14) 

By using the epoxy adduct shown in Table 2 obtained by the same method as that of Example 10 and 
50 by using the surface-treating agents shown in Table 2, the epoxy resin, epoxy adduct and surface-treating 
agents were treated at blending ratios shown in Table 2 in the same manner as in Example 10 to prepare 
epoxy resin compositions. The gelation times of the epoxy resin compositions were measured to be as 
shown in Table 2. 

55 (Example 15) 

A solution obtained by dissolving 10 g of triethyl borate in 50 ml of acetone was spray-dried on 100 g 
of a fine powdery epoxy adduct (DER 331J/2E4MZ) by using a spray drier to obtain an epoxy adduct of 
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which the surfac has been treated. 

To 500 g of the epoxy resin were then added 110 g of the above surface-treated epoxy adduct and 2.5 
g of catechol. The mixture was kneaded at room temperature for 15 minutes using a three-roll mill to obtain 
a desired composition. 

5 The gelation time of the resin was 30 days or longer at 40 • C and was 24 seconds at 150 ' C. 
(Example 16) 

10 Grams of trimethyl borate and 10 g of Resitop were dissolved in 100 ml of acetone, which was then 
w spray-dried onto 400 g of the adduct to obtain the adduct whose surface has been treated. 

Then, 110 g of the surface-treated epoxy adduct was added to 500 g of the epoxy resin, and the 
mixture was kneaded at room temperature for 15 minutes using a three-roll mixer to obtain a desired 
composition. 

The gelation time of the resin was 30 days or longer at 40 • C and was 26 seconds at 150 * C. 

75 

(Example 17) 

By using the epoxy adduct shown in Table 2 obtained by the same method as that of Example 16 and 
by using the surface-treating agents shown in Table 2, the epoxy res\n t epoxy adduct and surface-treating 
20 agents were treated at blending ratios shown in Table 2 in the same manner as in Example 16 to prepare 
epoxy resin compositions. The gelation times of the epoxy resin composition were measured to be as 
shown in Table 2. 

(Example 18) 

25 

The epoxy resin, epoxy adduct and boric acid were mixed together at a blending ratio shown in Table 2 
quite in the same manner as that of Example 1 but without using the phenolic compound, in order to 
prepare an epoxy resin composition. The gelation times of the thus obtained epoxy resin composition were 
measured to be as shown in Table 2. 

30 

(Example 19) 

The epoxy adduct of which the surfaces have been treated with methyl borate and the epoxy resin were 
mixed together at a blending ratio shown in Table 2 quite in the same manner as that of Example 15 but 
35 without using the phenolic compound, in order to prepare an epoxy resin composition. The gelation times of 
the thus obtained epoxy resin composition were measured to be as shown in Table 2. 
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(Examples 20 to 22) 

A variety of surface-treated poxy adducts were obtained in the same manner as in Example 15. 
55 Then, the poxy resin, ph nolic compounds, Aerosil and the epoxy adducts serving as th cure 
promoting agents wer kneaded at blending ratios shown in Table 3 at room temperature for 15 minutes 
using a thr e-roll mixer. The kneaded product was then transferred to a planetary mixer follow d by the 
addition of a predetermined amount of methylnadic anhydrid which is a curing agent The mixture was 
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mixed with stirring under a reduced pressure for 30 minutes to obtain epoxy resin compositions. The 
gelation times of these epoxy r sin compositions w re measured to be as shown in Table 3. 

(Examples 23 and 24) 

5 

A variety of surface-treated epoxy adducts were obtained in the same manner as in Example 15. 

Then, the epoxy resin, phenolic compounds, Aerosil, dicyandiamide as a curing agent and the epoxy 
adducts as a cure accelerating agents were kneaded at blending ratios shown in Table 3 at room 
temperature for 15 minutes using a three-roll mixer in order to prepare epoxy resin compositions. The 
w gelation times of these epoxy resin compositions were measured to be as shown in Table 3. 

(Examples 25 and 26) 

By using the epoxy adduct shown in Table 3 obtained by the same method as that of Example 1 and 
is by using the surface-treating agents, the epoxy resin, curing agent, epoxy adduct and surface-treating 
agents were treated at blending ratios shown in Table 3 in the same manner as in Example 1 to prepare 
epoxy resin compositions. The gelation times of the epoxy resin compositions were measured to be as 
shown in Table 3, 

20 Table 3 



Example 


20 


21 


22 


23 


24 


25 


26 


Epoxy resin (parts) 
















Epikote #828 


100 


100 




100 


100 


100 


100 


DER-331J 






100 










Curing agent (parts) 
















Methylnadic anhydride 


85 


85 


85 






85 


85 


Dicyandiamide 








4 


4 






Cure promoting agent (parts) 
















(DER-438/2E4MZ) 


6 






5 


5 


6 


6 


(Epikote#152/2E4MZ) 




6 












(DER-438/2PZ) 






6 










Surface-treating agent (parts) 
















Trimethyl borate 


4 


5 


5 


5 


5 


4 




Pyrogallol 


5 


5 




5 






5 


Catechol 






4 










Resitop 










2 






Aerosil (parts) 


3 


3 


3 


2 


2 


3 


3 


Surface-treating method 


C 


C 


C 


C 


C 


A 


A 


Gelation time 
















(sec/1 50 «C) 


330 


320 


250 


96 


82 


305 


320 


(days/40 -C) 


>30 


>30 


>30 


>30 


>30 


5 


2 



50 

(Comparative Examples 1 and 2) 

An epoxy adduct of a composition shown in Table 4 serving as a curing agent or an imidazole 
compound was mixed at a blending ratio as shown in Tabl 4 to prepare an epoxy resin composition. The 
55 gelation times of the epoxy r sin composition w re measured to be as shown in Table 4. 
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(Comparative Example 3) 

An epoxy resin composition was prepared quite in the same manner as in Example 1 but without 
adding the boric acid compound. The gelation times of the epoxy resin composition were measured to be 
5 as shown in Table 4. 



Table 4 
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Comparative Example 


1 


2 


3 


Epoxy resin Epikote #828 


100 


100 


100 




Curing agent 










Adduct 








15 


ERL-4221 (5.1 parts) 


15 








C17Z (6.1 parts) 










Pyrogallol (2.0 parts) 








20 


Boric acid (1 .8 parts) 










Curezol C17Z 




6.1 






Adduct (Epikote#828/2E4MZ) 






20 


25 


Resitop 






1 


Gelation time 


(sec/1 50 *C) 


>1800 


155 


23 






(days/40 e C) 


>30 


>30 


1 



When an epoxy adduct is used as a curing agent or is used as a cure accelerating agent for other 
curing agents, boric acid or a boric acid ester compound and a phenolic compound are made present 
together with the epoxy adduct in the epoxy resin composition, so that the epoxy resin composition exhibits 
favorable storage stability and curing property. The epoxy resin composition of the present invention, 
therefore, can be used as an adhesive, a sealant, an ink, a painting material and the like. 

Claims 

1. An epoxy resin composition comprising, in addition to the epoxy resin, (1) an epoxy adduct obtainable 
by reacting an epoxy compound having one, two or more epoxy groups per molecule with a nitrogen- 
containing heterocyclic compound, an aliphatic amine or an aromatic amine, and (2) a boron compound 
of formula (I): 

B(ORi)(OR 2 (OR 3 ) (I) 

wherein R1 to R3 are the same or different and each is hydrogen, straight-chain, branched or cyclic 
alkyl or aryl, which composition optionally further comprises (3) a phenolic compound. 

2. A latent epoxy curing agent or a cure accelerating agent comprising a fine granular epoxy adduct 
obtainable by reacting an epoxy compound having one, two or more epoxy groups per molecule with a 
nitrogen-containing heterocyclic compound, an aliphatic amine or aromatic amine, the surfaces of the 
fine granular epoxy adduct being coated with a boron compound of formula (I) 

B(ORiKOR 2 (OR 3 ) (I) 

wherein Rt to R3 are the same or different and each is hydrogen, straight-chain, branched or cyclic 
alkyl or aryl, which composition optionally further comprises (3) a phenolic compound. 

3. A surface-treating agent for an epoxy adduct comprising a boron compound of formula (I) 
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B(OR,)(OR2(OR3) (I) 

wherein Ri to R3 are the same or different and each is hydrogen, straight-chained, branched or 
cyclic alkyl or aryl, which composition optionally further comprises (3) a phenolic compound. 

5 

4. A process for producing an epoxy resin composition according to claim 1 comprising the step of 
kneading an epoxy resin with the other components of the composition. 

5. A process according to claim 4 comprising the adding the epoxy adduct, the boron compound and 
10 optionally the phenolic compound separately in any order to the epoxy resin. 

6. A process according to claim 4 comprising mixing the boron compound and the phenolic compound to 
form a mixture and adding the mixture and the epoxy adduct separately in any order to the epoxy 
resin. 

75 

7. A process according to claim 4 comprising surface-treating the epoxy adduct with the boron compound 
then adding the surface treated-boron compound, and optionally separately adding in any order the 
phenolic compound, to the epoxy resin. 

20 8. A process according to claim 4 comprising reacting the boron compound and the phenolic compound 
to form a product, surface-treating the epoxy adduct with the product and mixing the surface-treated 
epoxy adduct to the epoxy resin. 

9. A process according to any one of claims 4 to 8 comprising reacting an epoxy compound having one, 
25 two or more epoxy groups per molecule with a nitrogen-containing heterocyclic compound, an aliphatic 

amine or an aromatic amine to as to form the epoxy adduct. 

10. Use of an epoxy resin according to claim 1, a latent epoxy curing or cure accelerating agent according 
to claim 2 or a surface-treating agent according to claim 3 in production of a cured epoxy resin product. 

30 



35 



40 
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50 
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